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SPECIFICATION 



1. Title of the Invention 

Phase demodulating apparatus 

2. What is claimed is: 

A phase demodulating apparatus comprising a two-phase 
carrier regenerator and a four-phase carrier regenerator for 
regenerating carries of burst mode PSK wave signals, 
transmitted in burst mode, of which unique word of preamble unit 
is formed of two-phase PSK wave, and data unit is formed of 
four-phase PSK wave, a unique word detector for detecting said 
unique word by synchronously detecting the two-phase PSK wave 
by using the output of the two-phase carrier regenerator as 
reference signal, and a phase comparator for comparing the 
phases of the output of said two-phase carrier regenerator, the 
output of said four-phase carrier regenerator, and the output 
of said four-phase carrier regenerator shifted in phase by n 
/2 (rad) from the output of said two-phase carrier regenerator, 
coding in 2-level value depending on each phase difference, and 
issuing these code output values directly or by inverting 
depending on the detected value of the unique word detector, 
wherein phase ambiguity of demodulated signal (data) of said 
four-phase PSK detected synchronously is removed, using the 
output of said four-phase carrier regenerator as the reference 
signal, by the output value of said phase comparator. 



3. Detailed Description of the Invention 

The present invention relates to a phase demodulating 
apparatus for demodulating burst most PSK wave signal, and more 
particularly to an improvement of phase ambiguity occurring at 
the time of demodulation. 

Hitherto, the apparatus of this kind was constructed as 
shown in Fig. 1, in which a burst mode PSK wave signal (in this 
case, the unique word of preamble unit and data unit are both 
four-phase PSK waves) is put into an input terminal (1), and 
further through this input terminal, it is fed into a four- 
phase carrier regenerator (2), four-phase detectors (3), (4),. 
and a bit timing regenerator (5), and the four-phase carrier 
regenerator (2) issues its carrier (non-modulated wave) , and 
the bit timing regenerator (5) issues a bit timing wave. In 
this case, the phase of the carrier issued from the four-phase 
carrier regenerator (2) is any one of four states, that is, 0 
°, 90 °, 180 °, and -90 °, as shown in Fig. 2, and it is ambiguous 
in which state the output phase settles. 

The phase detectors (3) and (4) synchronously detect the 
four-phase PSK wave signals entered from the input terminal (1) 
on the basis of the reference signal of the output of the 
four-phase carrier regenerator (2) and phase shifter (6) for 
shifting its phase by 7t/2, and issue their baseband signals, 
respectively. These baseband signals are fed respectively 
into discriminative regenerators (7) and (8), and the 
discriminative regenerators (7) and (8) shape the waveforms of 



these baseband signals in every bit by the bit timing wave issued 
from the bit timing regenerator (5), and obtain demodulated 
signals, then feed them into a unique word detector (9) and an 
ambiguity switch (10). 

The demodulated signals obtained in the discriminative 
regenerators (7) and (8) involve the phase ambiguity mentioned 
above, and unless the output phase of the four-phase carrier 
regenerator (2) is 0 °, wrong demodulated signal is obtained. 
Accordingly, in the burst mode PSK wave signal entered in the 
input terminal (1), a unique word (hereinafter called UW) is 
inserted in every burst for obtaining the burst timing, and in 
the transmission system for transmitting this UW in four-phase 
PSK wave, mutually orthogonal two UW (P, Q) are transmitted. 

The demodulated signal fed into the unique word detector 
(9) , that is, the demodulated UW may exist in one of four states 
(P, Q), (Q, P), (Q, P), and (P, Q), depending on the phase 

ambiguity at the time of demodulation, and any one state is 
detected by the unique word detector (9) , and the detected value 
is put into an ambiguity controller (11). The ambiguity 
controller (11) judges the phase state of the detected value, 
and gives a control signal depending on the phase deviation to 
an ambiguity switch (10). The ambiguity switch (10) removes 
the phase ambiguity of the modulated signals issued from the 
discriminative regenerators ((7) and (8) by this control signal, 
and issues to output terminals (12a) and (12b) . 

In the conventional apparatus described so far, as far as 
the ratio of the carrier signal electric power to the noise 



electric power (hereinafter called CNR) of the burst mode PSK 
wave signal entered in the input terminal (1) is favorable (the 
bit error rate (BER) corresponding to 10' 4 or less), there is 
no problem, but inferior (BER corresponding to over 10~ 4 ) , the 
unique word detector (9) may malfunction, and detection of UW 
may fail. 

Recently, therefore, when the CNR is poor, for example, 
it is required that no malfunction should occur at the BER of 
less than 10" 2 (that is, the detection error of UW be 10* 8 or 
less, and phase ambiguity should be removed) , this requirement 
could not be satisfied by the conventional apparatus. 

The invention is devised in the light of such background, 
and it is hence an object thereof to present a phase demodulating 
apparatus capable of demodulating securely without 
malfunctioning even if the CNR is worsened. 

An embodiment of the invention shown in Fig. 3 is described. 
In Fig. 3, reference numeral (21) is a two-phase carrier 
regenerator, (22) is a two-phase detector, (23) is a unique word 
detector composed of discriminative regenerator (24) and unique 
word detector (25), (26) is a phase comparator, an'd (27) is an 
ambiguity controller. Reference numerals (1) to (8), (10), 
(12a), and (12b) are same as in the conventional apparatus in 
Fig. 1, and their description is omitted. 

In this constitution, suppose the input terminal (1) has 
received the burst mode PSK wave signal composed of two-phase 
PSK wave in the preamble unit (unique word) and four-phase PSK 
wave in the data unit as shown in Fig. 4. This burst mode PSK 



wave signal is put into the four-phase carrier regenerator (2) 
and two-phase carrier regenerator (21), and regenerated into 
carriers, and in this case it is supposed that the output of 
the four-phase carrier regenerator (2) has four states of phase 
ambiguity as mentioned above, and that the output of the 
two-phase carrier regenerator (21) has two states of phase 
ambiguity for the sake of two phases (these phase states are 
45 ° and 225 °) . 

That is, supposing the output of the four-phase carrier 
regenerator (2) to be a if the output of the phase shifter (6) 
to be a 2 , and the output of the twoOphaes carrier regenerator 
(21) to be a3, 

nn 

a i = sin {0> o f+— } (1) 
a 2 = sin {a) o t + — + —} (2 ) 

a 3 = sin {(Dj+^+mx) (3) 

are obtained. Herein, n denotes the phase ambiguity of the 
four-phase carrier regenerator (2), being n = 0 (in the case 
of 0 °), 1 ( 90 °), 2 (180 ° ), and 3 (-90 ° ), and m denotes 
the phase ambiguity of two-phase carrier regenerator (21), 
being m = 0 (45 °) , 1 (225 °) . 

Using the output a 3 of the two-phase carrier regenerator 
(21) as the reference signal, the two-phase PSK wave of the 
preamble unit entered from the input terminal (1) is 
synchronously detected by the phase detector (23), its 
detection output is shaped in waveform by the bit timing wave 
issued from the bit timing regenerator (5) by the discriminative 



regenerator (24), and the demodulated UW is issued. This UW 
has a value of R or R , and this UW value is detected by the 
unique word detector (25) . In this case, when detecting R, the 
output phase of the two-phase carrier regenerator (21) is 45 
°, and when detecting R-, it is 225 ° 

Incidentally, since the phase detector (21) is for two 
phases, and as compared with the four-phase detectors (3) and 
(4) , its detection output level is higher by 8 dB, that is, when 
the unique word of the preamble unit is four-phase PSK wave, 
the BER corresponds to 10~ 2 , or in the case of two-phase PSK 
wave, the BER corresponds to 4 x 10' 4 . Besides, the two-phase 
carrier regenerator (21) decreases in the noise power of its 
output as compared with the two-phase carrier regenerator (2) . 
Therefore, the unique word detector (25) is lower in the 
probability of detection error of UW as compared with the unique 
word detector (9) in the prior art. 

The phase comparator (26) synchronously detects the output 
a3 of the two-phase carrier regenerator (21), the output al of 
the four-phase carrier regenerator (2), and the output a3 of 
the phase shifter (6) . The DC components of the detection 

output Ai and A2 are 

1 ,2n-l • x 1 

A, - — =rCOs( /r-m/r) + — (4) 

V2 4 2 



1 ,2n + l x 1 

~r= cos( n - m/r) + — 

V2 4 2 



A 2 = -7- cos( — - — 7T -m/r) + — (5) 



That is, 

In the case of m=0, n=0, • (A lf A 2 = ( 1 . 1) (6) 
In the case of m=0, n=l, (A X ,A 2 =(1. 0) 




In the case of m=0, n=2, (A ir A 2 =(0. 0). 

In the case of m=0, n=3, (A X ,A 2 =(0. 1) 

In the case of m=l, n=0, (A lf A 2 =(0. 0) 

In the case of 111=1, n=l, (A 1; A 2 =(0. 1) 

In the case 'of m=l, n=2, (A lf A 2 =(1. 1) 

In the case of m-1, n=3, (A x/ A 2 -(1- 0) 

Since the unique word detector (26) detects R in the case 
of m=0, and detector R in the case of m=l, by giving it to the 
phase comparator (26) , the code of the output (Ai, A3) of the 
phase comparator (26) is inverted only when R- is detected, the 
value of formula (6) is as follows regardless of the value of 



In the case of n=l, (A lf A 2 ) =(1. 0) 
In the case of n=2, (A lf A 2 ) =(0. 0) 
In the case of n=3, (A 1 ,A 2 ) =(0. 1) 

Feeding this output (Ai, A 3 ) into the ambiguity controller 
(27), the phase state is judged, and the control signal 
depending on the phase deviation is given to the ambiguity 
switch (10) . By this control signal, the ambiguity switch (10) 
removes the phase ambiguity of demodulated signal (data) of 
four-phase PSK wave issued from the discriminative regenerators 
(7) and (8) , and issues to the output terminals (12a) and (12b) . 

So far is explained about the transmission system of the 
burst mode of the TDMA four-phase PSK wave burst mode, but not 
limited to this, the invention may be applied also in the 
SCPC-PSK. 



m: 



In the case of n=0, (A lf A 2 ) =(1. 1) 



(7) 



Thus, in the phase demodulating apparatus of the invention, 
malfunction hardly occurs if the reception CNR is poor, and 
therefore, the antenna gain may be lowered by reducing the size 
of antenna, or the noise temperature of the low noise amplifier 
may be raised, so that the satellite communication system or 
ground communication system may be lower in cost. 

4. Brief Description of the Drawings 

Fig. 1 is a block diagram showing a circuit configuration 
of a conventional phase demodulating circuit, Fig. 2 is an 
explanatory diagram for explaining the operation of Fig. 1, Fig. 
3 is a block diagram showing a circuit configuration of an 
embodiment of the invention, and Fig. 4 is an explanatory 
diagram of Fig. 3. 

In the drawings, reference numeral (2) is a four-phase 
carrier regenerator, (21) is a two-phase carrier regenerator, 
(22) is a unique word detector, (26) is a phase comparator, and 
(27) is an ambiguity detector. 

Same parts or corresponding parts in the drawings are 
identified with same reference numerals . 

Attorney: Shin-ichi Kuzuno, patent attorney 
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